Abstract. In this paper, we propose a new lattice model by considering the multiple optimal current differences' anticipation effect on single lane. The linear stability condition is deduced from the linear stability analysis. And the mKdV equation about multiple optimal current differences' anticipation effect is educed through nonlinear analysis. Furthermore, numerical simulation demonstrates that it efficiently improves the stability of traffic flow for the multiple optimal current differences' anticipation effect. It is more important that the triple optimal current differences' anticipation considered is the optimal state in the new model.
Introduction
Recently, traffic jam becomes more and more serious with the rapid increase number of vehicles. Therefore, many scholars have brought forward lots of traffic models [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] . Recently, Tang et al. [19, 20] presented a new car-following model and a new macro traffic model with the consideration of the driver's forecast effects respectively. Also, Peng et al. [21, 22] took into account different anticipation effect in car-following theory and macro traffic model. In addition, lattice model is favorite traffic model recently. Therefore, Peng et al. [23] proposed a new lattice model with the driver's forecast effects term. Subsequently, various kinds of anticipation effects [24] [25] [26] [27] [28] were considered in lattice models. Above models confirm that the anticipation effects can improve traffic characteristics. In particular, the information about multiple optimal current differences' anticipation (MOCDA) effect may have important influence on traffic flow. However, MOCDA effect has not been taken into account in lattice model. In this paper, we propose a new lattice model with a consideration of MOCDA effect on a single lane highway. Theoretic analysis and numerical simulation will be carried out on the traffic stability and jamming transition in the following sections.
The New Model
The lattice model firstly proposed by Nagatani [1, 2] can be described as follows:
where 0  , j  and j v denote the average density, the local density and local velocity on site j at time t, respectively. Subsequently, many lattice models [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] [38] [39] have been put forward with different factors. Tian et al. [16] further studied the effect of the optimal current difference. Moreover, some researchers [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] found out that the effect of driver's anticipation in lattice models can improve stability of traffic flow. However, the multiple optimal current differences' anticipation effect has not been considered in previous lattice models. Therefore, we proposed a novel evolution equation as follows:
 is the reaction coefficient of multiple optimal current differences' anticipation effect. is set as follows [1, 2] : 
. The linear stability analysis will be done in following section.
Linear Stability Analysis
It is supposed that 0  is the constant density corresponding to the optimal velocity 
, we get the equation of z as follows: into Eq. (8) and neglecting the higher order terms, we acquire the first-order and second-order terms of ik as follows:
According to same method in Ref. [1, 2] , the uniform steady-state flow is unstable if 0 2  z ,while the uniform traffic flow becomes stable if 0 2  z . Therefore, we win the neutral stability condition as follows:
Therefore, the unstable condition of traffic flow is deduced for the homogeneous traffic flow as follows:
As 0   and 0   , the unstable condition corresponds to that of Nagatani's lattice model.
Nonlinear Analysis
In this section, X and T are supposed as the slow variables for a small positive scaling parameter  near the critical point ( 
Thus, the kink-antikink soliton solution is taken as
Therefore, we get the amplitude A of the kink-antikink soliton solution as follows:
It means that the kink-antikink soliton solution shows the coexisting phase described by and 4 , respectively. It can be seen in Figure 1 that the space is divided into three regions including the stable region, the metastable region and the unstable region. The sensitivity of critical points, the neutral stability curves and the coexisting curves decrease gradually with the increase of the number m. Moreover, the unstable region shrinks with more optimal current differences' anticipation effect. It implies that the traffic flow can be further stabilized with the consideration of the information of more front sites of optimal current differences' anticipation effect. As m=3,4, corresponding curves are almost coincided. It is a conclusion that the effect of only three front sites (m=3) is enough to guarantee the traffic stable under small disturbance. Then m=3 is said as the optimal state for our lattice model. 
Numerical Simulation
In this section, the initial conditions are assumed as follows:
where the initial disturbance
and the total number of sites 100  N . And the periodic boundary condition is adopted for numerical simulation. Figure 2 shows the simulation results after Figure 3 expresses the density profile at t = 10,300 corresponding to Figure 2 . It is found that the scales of density waves become smaller and smaller with the increase of m. It can improve the stability of the traffic flow for more information of optimal current differences' anticipation effect from Figs.3 (a) to (d) . It is more important that the scales of density waves in Figure 3 (c) and (d) are almost uniform. The above results further confirm that m=3 is the optimal anticipation state in our new model. In a conclusion, multiple optimal current differences' anticipation effect can further suppress the traffic jam more effectively than previous models on single lane. 
Conclusion
In this paper, we propose a new lattice model of traffic flow by considering multiple optimal current differences' anticipation effect on single lane. Linear analyses are carried out to get the stability criterion. Nonlinear analyses are performed to derive the mKdV equation near the critical point and obtain kink-antikink soliton solution to describe the traffic flow density. It is concluded that multiple optimal current differences' anticipation effect did improve the stability of traffic flow significantly. Moreover, we find that the m=3 is the optimal anticipation states. The simulation results are in good accordance with the theoretical analyses. Therefore, it is reasonable to conclude that multiple optimal current differences' anticipation effect should be considered in lattice models.
